In order to identify Glycyrrhiza species by chemical fingerprinting, the bark of the roots and stolons of Glycyrrhiza uralensis Fischer and G. glabra Linné were analyzed using DART (Direct Analysis in Real Time)-MS. The characteristic peaks of each species were determined statistically by volcano plot. This summarizes the relationship between the p-values of a statistical test and the magnitude of the difference in values of the samples in the groups. In this experiment, peaks that had a p value <0.05 in the t test and ≥2 absolute difference were defined as characteristic. As a result, characteristic peaks of G. uralensis were found at m/z 299, 315, 341, and 369. In contrast, characteristic peaks of G. glabra were found at m/z 323, 325, 337, 339, and 391. In conclusion, we found several characteristic peaks to distinguish G. uralensis and G. glabra by DART-MS using volcano plot. This method can be applied to identify the Glycyrrhiza species.
The roots and stolons of some Glycyrrhiza species have been used as pharmaceuticals. In the current edition of the Japanese Pharmacopoeia (JP XVI), G. uralensis Fischer and G. glabra Linné are defined as original plant sources of "Glycyrrhizae Radix". Meanwhile, in the Chinese Pharmacopoeia, G. inflata Batalin is also defined [2] . These three species contain glycyrrhizic acid as a main active pharmaceutical ingredient, but other components are also medicinal. Phenolic constituents such as flavonoids and coumarins vary according to the species. Glycycoumarin, glabridin, and licochalcone A were reconfirmed as species-specific typical constituents of G. uralensis, G. glabra, and G. inflata, respectively [3] . Glycycoumarin is an antispasmodic ingredient [4] . Chandrasekaran et al. reported that G. glabra (almost devoid of glycyrrhizin) exhibits anti-inflammatory properties, which could be influenced in part by glabridin and isoliquiritigenin [5] . It is possible that the differences in ingredients, especially phenolic components, influence medicinal effects. Therefore, species identification is required. Identification presupposes the possibility that the appropriate species can be proposed as the situation demands in Kampo medicine.
In a previous study, we reported the identification of G. inflata by DART-MS. DART (Direct Analysis in Real Time) is a novel mass spectrometric ion source [6] . This method provides [M+H] + cation adducts in positive mode, resulting in fewer cleavage reactions. This point is helpful to identify the target substance in mixture states. Therefore, it is often used for qualitative analysis [7] [8] [9] . The powder of the roots and stolons of G. inflata can be differentiated from those of G. uralensis and G. glabra by detection of the peak that originated mainly from the [M+H] + ion of licochalcone A [1a]. On the other hand, glycycoumarin and glabridin were not identified by DART-MS analysis of the powder of the roots and stolons of G. uralensis and G. glabra under the same conditions. [1a] Compared with licochalcone A in G. inflata, the amounts of glycycoumarin and glabridin in the other two species are very small and below detectable limits. Thus, it is not enough to show identification of G. uralensis and G. glabra by detection of one particular peak. In order to discriminate between the two species, several characteristic peaks for each species were selected by multivariate analysis. Multivariate analysis using the DART-MS data has also been developed by means of chemometric classification [10] and identification of unknown samples [11] .
According to Kuwajima et al. , nonglycoside flavonoid constituents were mostly lost when root bark is removed [12] . The root bark of Glycyrrhiza species is thought to be rich in nonglycosidic flavonoids and have signature substances that are easy to detect. Therefore, the root bark of G. uralensis and G. glabra were analyzed by DART-MS. The current research examined seven samples of Glycyrrhiza, four of G. uralensis, and three of G. glabra, as shown in Table 1 . Species identification had been determined by HPLC, based on modified conditions of Shibano et al. [13] , before DART-MS analysis. Root bark was taken by a molding plane from three different points per sample. The root bark of each test sample was placed between the ion source and mass spectrometer detector for measurement, and subjected to streaming helium gas for 48 sec. Table 2 ).
Typical spectral data of the bark of G. uralensis and G. glabra are shown in Figure 1 . In the range of m/z 280~450, where it is thought that secondary metabolites are greatly detected, the ions selected for the statistical analysis had abundances of at least 20% relative to the most abundant ion in that mass spectral range (20% threshold). The relative intensity of each peak was then calculated. In order to compare each sample, the data were divided by the standard deviation (SD) in the sample of the same individual, which standardizes the data (SD=1). Then, 128 out of 171 peaks which had any peak-appearance in each sample were removed. Therefore, 43 peaks were used for the analysis. In the case of G. uralensis, four characteristic peaks are found. In 9 out of 12 G. uralensis samples (75%), three or more of these characteristic peaks had relative intensities >20% of original DART-MS data. However, peaks that were characteristic of G. glabra were also detected in some G. uralensis samples, for example Gly19-2. (Table 3) In the case of G. glabra, five characteristic peaks are found. In 7 out of 9 samples (77%), three or more characteristic peaks had relative intensities greater than 20% of original data. However, peaks that were characteristic of G. uralensis were also detected in some G. glabra samples, for example Gly17-2 (Table 3) .
Although several unidentified samples remained, the detection of characteristic peaks is useful for species identification.
Gly3-1 and Gly3-3 did not detect typical peaks enough. Since they have high intensity peaks, most of the peaks under the threshold value would have been eliminated from the statistical analysis.
It is important to note that the statistical analysis performed in this study was only performed on peaks that had abundances of at least 20% relative to the most abundant ion in a given mass spectral range.
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In the case of G. glabra, five peaks were found (m/z 323, 325, 337, 339, 391). The number of peaks (m/z 323, 325, 337, 339, 391) with relative intensities >20% in each G. glabra sample (Gly3, 17, 18 series) is shown in the "Own species character detection" column.
On the other hand, in G. glabra, the number of peaks present characteristic for G. uralensis at more than 20% relative intensity is shown in "Inverse side character detection" column.
In conclusion, we found several characteristic peaks to identify G. uralensis and G. glabra by DART-MS using a statistical method; this can be applied to identify these two Glycyrrhiza species.
Experimental
Plant material: The roots and stolons of G. uralensis Fischer (Hokkaido, Japan) and G. glabra Linné (Hokkaido, Japan) were kindly supplied and identified by Dr Toshiro Shibata, the Research Center for Medicinal Plant Resources in Nayoro, Japan. Voucher specimens were deposited at the Dept. of Natural Medicine and Phytochemistry, Meiji Pharmaceutical University, Tokyo, Japan (No.07G0003, No.07G0002, respectively).
The other roots and stolons of G. uralensis (China, Russia and Mongolia) and G. glabra (Uzbekistan and Kazakhstan) were kindly supplied by Mr Fujio Kanai, Kanai Tokichi Shoten Co., Ltd. Voucher specimens were deposited at the Dept. of Natural Medicine and Phytochemistry, Meiji Pharmaceutical University, Tokyo, Japan 
Species identification by HPLC:
All samples were identified by HPLC analysis under similar conditions as those described by Shibano et al. [13] . A 5C 18 -AR-II (i.d. 4.6 х 150 mm, Nacalai Tesque Inc.) column was used. HPLC analysis was carried out on D-7000 type software; column oven: L-7300, Diode Array Detector; L-7450H, pump; L-7100 (HITACHI). The presence of species specific substances was confirmed: G. uralensis: glycycoumarin, and G. glabra: glabridin [3] .
Chemicals: All chemicals were analytical reagent grade. Glabridin was purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan), and glycycoumarin was kindly provided by Dr Makio Shibano (Osaka University of Pharmaceutical Science, Japan).
DART mass spectrometry:
All experiments were performed using a JMS-T100TD (JEOL Ltd., Japan) orthogonal TOF-MS with a DART ion source, which used helium gas at a flow rate of approximately 2.5 L/min. The gas heater was set at 250 o C. The mass spectrometer was operated in positive mode. Orifice 1, ring lens and orifice 2 potentials were set at 50, 10, and 5 V, respectively. The detector voltage was set to 2500 V, and the ion guide potential was 500 V. Data acquisition was taken from m/z 50 to 500. respectively; nebulization gas, nitrogen (flow rate, 1.5 L/min); solvent, water (0.1% formic acid) and acetonitrile (0.1% formic acid) gradient of 30% to 80% acetonitrile(0.1% formic acid) in 55 min.; flow rate, 0.2 mL/min.
LC/ESI/MS:

Statistical analysis:
The peak tables of DART-MS were imported into Microsoft Excel 2007.
